,Bréeding Better Livestock

by RALPH W. PHILLIPS

THE BREEDER uses three basic tools to bring about the
genetic improvement of animals. They are selection, inbreeding, and
crossing. The tools have been used to develop existing breeds; they will
be used to effect further improvement in breeds, establish new types
and breeds, and raise the productivity of commercial livestock. Besides
them, the breeder uses a knowledge of the physiology of reproduction to
insure maximum fertility and maximum opportunity for sclection.

The breeder’s ability to select superior animals as parents of the next
generation is one of the most important of the factors that determine
progress in animal breeding. If the breeder is to select genetically su-
perior animals, he must have yardsticks that measure that superiority.
And if he is to utilize effectively in selection the knowledge he obtains
through application of those yardsticks, he must know which selection
procedures will result in greatest progress. Several recent studies have
yiclded important information on those points.

A breeder may use one of the three basic methods of selection. These
are: First, the “tandem” method, in which he selects for one character
at a time until it is improved, then selects for another one, and so on,
until all desired traits are improved; second, the “total score” method,
in which selection for all desired traits is practiced simultaneously, the
total score or index being constructed by adding into one figurc the
credits and penalties given each animal according to its superiority .or
inferiority for each trait considered; third, the “independent culling
levels” method, in which he sets a certain level of merit for each trait,
and discards all individuals below that level, regardless of their rating
in other traits.

A careful investigation of the efficiency of the three methods of selec-
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tion .was made by L. N. Hazel and Jay L. Lush, of Towa State College.
From their study of the theories involved, they conclude that selection
for a total score or index of net desirability is more efficient than selec-
tion on the basis of independent culling levels, and that the tandem
method is the least efficient of the three methods. A

Although selection on the basis of independent culling levels is gen-
crally less efficient than selection for total score, it docs permit earlier
selection for some traits, without waiting for other traits for which selec-
tion can best be made at later ages. The superiority of the independent
culling level over the tandem method increases with the number of
traits involved and the intensity of culling.

Dr. Hazel also studied the principles of constructing and using selection
indexcs, or the “total score” method of sclection. He points out that the
genetic gain that can be made within a group of animals by selecting for
several traits at once is the product of the selection differential, or in-
tensity of selection—the superiority of selected animals over the average
of the entire group—the multiple correlation (a measure of relationship)
between aggregate breeding value and the selection index, and genetic
variability. The first of these, the selection differential, is limited by the
ratc of reproduction of each species, and it may be small because of the
breeder’s carelessness in making selections or in emphasizing unimportant
points. The third, genetic variability, is relatively beyond man’s control.
Hence, the greatest opportunity for increasing progress from selection is
by insuring that the second, the multiple correlation, is as large as possible.

Hazel gives a multiple correlation method of constructing indexes hav-
ing maximum accuracy. To use it, one must know the constants:
Relative economic values for the different traits.

Standard deviations (measures of variation) for each trait.

Correlations (measures of relationship ) betweeneach pairof traits.
Heritability of each trait (a measure of the extent to which ex-

pression of trait is governed by heredity.).
5. Genetic correlations between each pair of traits.

The genetic correlations show the extent to which traits are similar be-
cause of genes that affect both traits, and are determined by correlating
one trait in one animal with the other in a relative. Using these principles,
Hazel developed three indexes for swine. The first involved two characters
for which data were available before breeding age. The index (I) was:

I=(0.137XW)—(0.268X5)
in which W is the pig’s weight at 180 days and S is the pig’s market score.
The second index was:
I=(0.136 X W) —(0.232X8) + (0.164 X P)
in which W and § are the same as in the first formula and P is the pro-
ductivity of the dam, used as a measure of the pig’s productivity, the lapse
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of one generation being compensated for by a suitable adjustment for
the heritability of this trait.

The third index was designed to include information about the average
weight (W) and score (§) of the litter in which each pig was born, in
addition to the three traits in the second index. These were considered
as fourth and fifth variables, using the correlations between the various
traits and making allowances for the number of pigs per litter when arriv-
ing at the values to insert in the index.

The three indexes were compared to determine their relative effi-
ciency in making genetic progress. This rate of progress is proportionate
to the size of the correlation between genotypes of the selected animals
and their indexes. The second and third indexes were 8.8 and 11.3
percent, respectively, more efficient than the first. Since the time and
effort expended in keeping records is but a small fraction of the total
labor connected with a breeding program, the second index would
probably be preferable to the first in most cases. The third might also
be chosen over the second, since genetic progress could be increased a
little more through its use, and the extra labor would be only that of
computing and using the litter averages from data already available.

The progress that could be made by using the three indexes studied
by Hazel was 36.3, 39.5, and 40.4 percent, respectively, of that which
could have been made by a perfect index, or one in which the pheno-
type, or appearance of the animal, was a perfect measure of the geno-
type, or genetic make-up, of the animal. The loss is due to the con-
fusing effects of environment, dominance of one gene over its pair-mate,
so that the recessive member of the pair is not evident in the phenotype,
and epistasis, or interaction of genes, all of which can make phenotypes
unlike genotypes.

A selection index for Rambouillet sheep has been developed at the
Western Sheep Breeding Laboratory at Dubois, Idaho, based on the
same principles as those outlined for swine indexes. These traits have
been included: Face covering (F), length of staple (L), weaning
weight (W), type score (T'), condition score (C'), and neck-fold score
(N). The completed index (1) is as follows:

I=75—(15XF)+(TXL)+W+ (04 XT)+ (7XC)— (11XN)

The constant of 75 is added to insure that the index will be positive
and average around 100. Corrections for various factors, like twinning,
age of dam, and inbrceding, may be made directly on the index, using
suitable correction constants. The completed index varies from about
70 to 150 for individual lambs in the Rambouillet flock at Dubois,
with an average of about 110. The value of the index may be estimated
by comparing the progress when the index was used with that before
it was available. Progress was roughly determined by combining the
selection differentials for the various traits after each was weighted by
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its heritability and its economic importance. Over-all progress from
selection at weaning age was increased in the range of 20 to 50 percent
by the use of the index.

The breeding merit of an animal may be estimated in various ways,
including the merits of its ancestors, the animal’s own characteristics and
performance, the merit of collateral relatives, such as sibs (brothers and/
orsisters) and half sibs, and the merit of its offspring.

The last is usually called the progeny test. Much has been written con-
cerning its accuracy, compared to that of other methods that might give
indirect mcasures of breeding merit. From the standpoint of rate of ge-
netic progress, factors other than relative accuracy must be considered.
The most important of these factors are the age at which progeny tests
may be obtained and the ratc of reproduction. The longer interval be-
tween generations that results from use of the progeny test tends to
offset the advantage gained by more accurate selection, and may actually
reduce the annual rate of improvement.

The relative merits of progeny testing and other methods of selection
have been studied by G. E. Dickerson and Dr. Hazel. This is an intricate
problem requiring dctailed mathematical studies in order to obtain a
solution. They considered a number of traits in various species, and con-
cluded that the possibilities of increasing progress by a regular plan for
use of progeny-tested sires are limited to certain kinds of livestock and to
certain traits. The reasons therefor are outlined here:

1. The less the interval between generations is increased by progeny
testing, the more likely it is that progeny testing will increase progress.
This is illustrated by an example contrasting the results of selecting for
weanling and yearling traits in sheep. Use of the best ram tested the year
before on an optimum portion (60 to 70 percent) of the ewes increased
progress by about 4 percent for weaning traits, but reduced it for yearling
traits, as compared with progress to be expected from use of only the two
best yearling rams cach year. The only difference between these two ex-
amples is that 1 year is required to obtain progeny-test information on
weanling traits, while 2 years are required for yearling traits.

2. When the rate of reproduction is low, progeny testing of sires is
more likely to increase progress. The resulting increase in genctic superi-
ority of parents tends to be larger, relative to the increase in age of par-
ents, when there is less opportunity for early culling, particularly among
females. For example, progeny testing affects progress more favorably for
yearling traits in sheep than for growth rate in swine. Obviously, a much
higher proportion of the female offspring must be retained in order to
maintain the population in sheep than in swine.

3. If the basis for making early selections is relatively inaccurate, the
progeny test is more likely to be cffective. Therefore, the progeny test
would be more apt to improve the annual progress in traits where
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heritability is low, than in traits where it is high. Thus, the relative
value of the progeny test is determined by a combination of circum-
stances that are largely beyond the breeder’s control, and a regular
plan of progeny testing is unlikely to increase (and may reduce) genetic
progress unless the progeny-test information becomes available early in
the animal’s lifetime, the reproductive rate is low, and the basis for
making early selections is relatively inaccurate. Dickerson and Hazel
point out that improvement from selection is nearly maximum for most
traits when culling is based on individual performance, family average,
and pedigree, and when the interval between generations is kept short.

Dickerson and Hazel also studied the effectiveness of different
methods of selecting for two specific characters in swine, growth rate
of pigs and productivity of sows, and they have made some recom-
mendations concerning the procedures that should be most effective.
In selecting for growth rate, they recommend that 8 to 10 times as
many boars and about 3 times as many gilts as are needed for breeding
should be retained long enough after weaning (such as 180 days of
age) to obtain a more reliable mecasure of growth rate than weaning
weight. The rest may be culled without reducing appreciably the effec-
tiveness of selection.

Several plans for culling were compared. Yearly progress from selec-
tion is greatest when sows are culled after the first litter, the best one-
third to one-half being kept for a second litter 6 months later. Another
plan, which is almost as effective, is to delay culling until after the
second litter, and keep the best one-fifth to one-fourth of the sows for
a third litter at 2 years of age. Progress is retarded by retaining more
than the optimum proportion of older sows, because the less intense
culling of sows and the longer interval between generations is only
partly offset by the more severe culling of gilts and the greater accuracy
of sow culling.

Having sows farrow two litters a year results in more rapid genetic
improvement in productivity, since it permits the accuracy of selection
of boars and gilts to be improved by basing the dam’s productivity on
two litters instead of one. It also permits the more productive sows to
be kept for additional litters, with a minimum increase in the average
interval between generations.

It is important that the breeder have effective yardsticks of merit,
regardless of the selection procedures and breeding system he uses.

Evaluation of the fitted animal in the show ring has long been con-
sidered an important part of livestock improvement in the United States.
In recent years it has become increasingly apparent that this procedure
has many shortcomings as a tool in selection of improved breeding stock.
For obvious reasons, only a small portion of the animals raised each gen-
eration can be prepared for evaluation. The condition of the animals at
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the time of the show is usually highly artificial, and quite often is very
different from the condition that is desired in practice. Undue attention
is often given to so-called fine points of little or no economic importance.
Some traits, such as milk yicld and efliciency of feed utilization, cannot
be accurately evaluated by visual inspection. The practice of excessive
fitting has been carried over to the conditioning of breeding stock for
sale, and is found to a marked degree even in bulls and rams that are to
be sold for use on western ranges. Thus the breeder spends an undue
amount for feed to put excessive fat on the animals, for which the buyer
must pay, but for which he has no use. Also, the excessive fat may obscure
defects in conformation, a point that is aptly stated in the common phrase,
“Fatis a pretty color.”

Recognizing the need for improved yardsticks, many workers have
turned their attention to the development of measures of the economically
important characters. Some characters, like litter size in swine, may be
cbserved directly. Others, like body size, rate of growth, milk yield, vield
of grease wool, and length of staple, can bt weighed or measured directly.
Others, for example face covering, skin folds, and body conformation in
sheep, require indirect methods of evaluation and the assignment of a
score to represent the degree of development in each animal. Devices have
been developed for measuring such characters as length of wool fibers,
tenderness of meat (muscle), and diameter of wool fibers, density of wool
fibers, and hardness of fat.

Much attention also has been given to the measuring of functional
traits, such as efliciency of feed utilization in beef cattle and swine, physio-
logical response of horses and mules to exercise, and performance of work
by draft horses and mules and by light horses in carriage and under sad-
dle. Many of the developments are still in the experimental stage, but
active research is continuing at many institutions to test existing pro-
cedures, to develop new ones, and to simplify experimental procedures so
they may be applied by breeders in evaluating and selecting their stock.

Heritability

The development of an animal depends upon its inherited make-up
and the environment in which it lives. Improvements in heredity are
permanent, except those that result from particular combinations of
genes, the determiners of heredity, and that disappear when the genes
recombine. Improvements in environment must be provided again for
each succeeding generation.

The heritability of a trait is actually a measure of the observed varia-
tion in a group of animals that is caused by differences in heredity. Esti-
mates of heritability are based on the degree that related animals re-
semble each other more than less closely related or unrelated animals.
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These estimates are applicable primarily to characters or traits in which
development depends upon many genes.

Considerable information has accumulated in recent years on the
heritability of various characters in livestock. The information helps
the breeder because it indicates the progress that can be made by selec-
tion and the plan of breeding that is likely to be most effective. Prac-
tically all the information on heritability of economically important
traits in livestock has been obtained during the last decade. A summary
of it is given in the accompanying tables. :

There are, of course, variations in the estimates of heritability, and
many apparent discrepancies. There are several reasons. Errors may
occur in sampling, particularly in studies based on small numbers of
animals, so the results are not representative. Variations in environment

1. Estimates of heritability for weights of swine at various ages

Herita- | .
Agc o | Method used to determine
(days) (pkc);lcl::}xll t)i heritability Reference
6 Paternal halfsib................... Lush et al. (1934).
0 |..... do.uii e Baker et al. (1943).
Birth .. 0 |..... do. . Nordskog et al. (1944).
4.6 |..... do. i e Krider et al. (1946).
14 Intrasire regression. . ............... Nordskog ct al. (1944).
4 Paternal halfsib................... Baker et al. (1943).
21 0o |..... ot e Nordskog et al. (1944).
T 24 |..... doue i e Krider et al. (1946). -
0 Intrasirc regression. .. .............. Nordskog et al. (1944).
0 |..... do. e Comstock et al. (1942).
56 15 Patcrnal halfsib. . ................. Baker et al. (1943).
T 0 |..... do. .o Nordskog et al. (1944).
13.6 [..... do. .o Krider ct al. (1946).
(7 |..... < 1o ZP P Bywaters (1937).
60 .... i 15 Intersire regression . e Do.
18 Combination of different methods . . . . Do.
84 { 26 Paternal half sib. .. ................ Baker et al. (1943).
T 0 |..... < J Nordskog ct al. (1944).
112 { 28  |..... do. i Baker et al. (1943).
co o |..... do. . Nordskog ct al. (1944).
140 { 19 |[..... do. i e Baker et al. (1943).
T 21 ..., do. v Nordskog et al. (1944).
150 16 Line diffcrence duc to sclection. .. . ... Krider et al. (1946).
T 13.7 | Paternal half sib................... Do.
168 25 ..., do. e Baker et al. (1943).
T { 27 ... do. vt e Nordskog et al. (1944).
r 14 Intrasire regression. . .. ..., ... ... Comstock et al. (1942).
20 Paternal halfsib. .................. Whatley (1942).
62 Intrasire regression. . ... ............ Do.
30 Intrasirc offspring-dam correlation. . .. Do.
40 Full sibs, not litter mates. .. ......... Do.
180 ... 30 Regression of variance to genetic rcla- Do. -
tionship.
23 Paternal half-sib and intrasire regres- | Whatley and Nelson (1942).
. sion.
19 Line differcnces due to sclection. . . .. .| Krider et al. (1946).
| 23.9 | Paternal half sib. ... ............... Do.
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2. Estimates of heritability for gain and rate of gain in swine

Herita- . . .
Period (days) | bility Meéthod used tgigi:termme herita- Reference
(percent) Y
Birth-21..... 7 Paternal halfsib............. Baker et al. (1943).
Birth-56.. ... 15 |..... do. v Hazel et al. (1943).
0 ... do...ooiiiiii Nordskog et al. (1944).
21-56....... 15 |..... do. it Baker et al. (1943).
0 Intrasire regression............ Nordskog et al. (1943).
17. Paternal halfsib.............. Nordskog et al. (1944).
56-84....... 200 [..... do e Baker et al. (1943).
6 Intrasire regression............ Nordskog et al. (1944).
25. Paternal halfsib.............. Do.
84-112...... { 31 ... do. .o Baker et al. (1943).
10 Intrasire regression............ Nordskog et al. (1944).
27. Paternal halfsib............... Do.
112-140 . . . .. { 4 | dOn o . Baker et al. (1943).
10 Intrasirc regression............ Nordskog et al. (1944).
[ 24, Patcernal halfsib. . ........... . Do.
140-168 ... .. 13 |..... do. i Baker ct al. (1943).
1 10 Intrasire regression............, . Nordskog et al. (1944).
56-112 { 28, Paternal halfsib.............. Do.

""" 28 vev.ndo.. ... iaii oo Hazel et al. (1943).
56-168...... 45.3 |..... do.vvr " Nordskog et al. (1944).
112-168 .. ... 17 ..., do.iiiiiii i Hazel ct al. (1943).
50-200...... 26 Intrasirc regression............ \ Comstock et al. (1942).
56-200 40 Paternal halfsib.............. | Nordskog et al. (1944).

"""" 31 Intrasirc regression. .. ......... | %omstock et al. gl 942;.

. 21 Paternal halfsib. . ............ ordskog et al. (1944).
Birth-200...... { 3 Intrasire regression............ Do.g
Weaning-200 { 21 |..... 0. oo Do.

g ’ 24 Avcrage of threc methods. . . ... | Lush (1936).

may be correlated for certain kinds of relatives. For example, data may
have been collected over a period of years in which gradual changes in
feed or management occurred. Thus, both dams and their progeny,
raised at various times during this period, may have been exposed to
an environment better or poorer than the average. Such environmental
contributions to likenesses between relatives are difficult to measure.
Another factor that may affect estimates of heritability is the mating
system. A different approach is required to obtain a reasonably accurate
estimate of heritability in an inbred population than in one where
random mating has been practiced, a factor that has not been taken
into account in some of the studies. In others, the mating system or
the amount of inbreeding may have deviated more (or less) from ran-
dom than the investigator supposed.

Data on the heritability of weights of swine at various ages, and on the
heritability of rate of gain (tables 1 and 2) indicate that the estimates of
heritability increase as pigs grow older. Therefore, selection for maximum
weight should be most effective if practiced at 180 days, rather than at
earlier ages. Heritability of weight at 180 days approximates 30 percent.
This means the breeder should expect to make about 30 percent of the
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progress he “reaches for” in selection. For example, if he selects for par-
ents of the next generation animals that weigh 20 pounds above the
average of his stock at 180 days, their offspring should be expected to
weigh about 6 pounds more than the average of offspring from parents
picked at random from the same stock.

3. Estimates of heritability for fertility in swine

Hcrita- .
Mf(:i:ﬁtc of bility Mcthodhusrri::i' lt)ci)lictl(,tvvn mine Reference
Tty (percent); . critabiiity
!
17 Maternal half-sib litters. . ... .. Lush and Molin (1942).
10
g Estimated from published re- Do
34 ports of various workers. '
Litter size at 44
birth, 13 Maternal half-sib litters....... Hetzer ct al. (1940).
15. 6 | Paternal halfsib............. Stewart (1945).
14.8 | Fullsib. . ... i, Do.
13. 6 | Intrasire regression............ Do.
{ 14.5 | Average of three methods. ... .. Do.
17.6 | Paternal halfsib............. Do.
Live pigs far- 8.8 | TFullsib.............o oot Do.
rowed. 15. 8 | Intrasire regression........... Do.
13.6 | Average of 3 methods. ........ Do.
Litter size at 16 Maternal half-sib litters....... Hetzer et al. (1940).
28 days.
Litter size at 20 |..... do. vt Do.
70 days.
Litter size at i 17 |..... do.i it Lush and Molln (1942).
weaning.
4. Estimates of heritability for other characters in swine
|
Herita- |
Character bility ?’Iet}}od ﬁscgl tlg.{.l:: a Reference
(percent)| termine heritability i
I
Weaning weight of litter. 18 | Maternal half=sib lit- : Lush and Molln (1942).
ters. :
Productivity index of sow 16 | Intrasire regression. .. Hazel, quoted by Lush and
' : " Molln (1942).
Economy of gain. ...... 18 | Average of 3 methods.: Lush (1936).
Body length. .......... 54 ..... do............i Do.
Yield of export bacon. .. 20 |..... do............0 Do.
Thickness of belly. .. ... 46 |..... do............ Do.
Thickness of back fat. . .. 47 | do............ ‘ Do. .
Market score at slaughter 33 | Average of 2methods.” Whatley and Nelson(1942).
Conformation score. . .. . 20 | Intrasirc regression... Stonaker and Lush (1942).
Type scorc  (within 38 | Paternal half sib. . ... - Hetzer et al. (1944).
. strains). i :
Typc score (between 92 |..... do............ Do.
strains).

! Minimum cstimate.
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5. Estimates of heritability for various characters in beef cattle

|
Herita- . N
Character bility IVI€t110dhléi?$1}§?1i(tl;t(,r!nlnC Reference
(percent)
23 | Paternal halfsib........ Knapp and Nordskog
(1946).
42 | Sire-offspring regression. .. Do.
34 | Sirc-offspring rcgression Do.
Birth weight. .......... within year.
29 | Paternal half sib........ Dawson, Phillips and
! Black (1947).
i 11 | Paternal half sib;
: corrccted birth weights. Do.
: 12 | Paternal half sib......... Knapp and Nordskog
; (1946)
Weaning weight........: 0 | Sire-offspring regression. .. Do.
30 | Sirc-offspring regression Do.
within ycar.
81 I’atcrx}?l halfsib......... Do.
. . 69 | Sire-offspring regression. . . Do.
Final fecd-lot weight. ... ;[ 94 Sirc-oﬂ"sgring rcggrcssion Do.
: within year,
99 | Paternal halfsib......... Do.
. . 46 | Sire-offspring regression. .. Do.
Gain while on feed.. . . .. { 97 Sirc-offsgring reggrcssion Do.
within year.
75 | Paternal halfsib......... Do.
E £ oai 54 | Sire-offspring regression. . . Do.
conomy ol gam....... 48 | Sire-offspring regression Do.
within year.
53 | Paternal halfsib......... Knapp and Nordskog
Scorc at weaning. ... ... (1946a).
0 | Sirc-offspring regression. . . Do.
Slaughter grade........ 63 | Paternal halfsib......... Do.
Carcass grade. .. ....... 84 |..... do...ooiiiiia. Do.
Dressing percent........ 19..... do...ooiiiiil Do.
Arca of eye muscle. ... .. 69 |..... do......oooiill Do.

Litter size at birth is not so highly inherited as weight at 180 days. The
unweighted average of the eleven estimates given (in table 3) is 19.2
percent. This means that the breeder can expect to realize about one-fifth
of the progress in litter size that he reaches for in sclecting the parents
of the next generation. If selection for litter size is based only on sows, no
attention being given to boars in this respect, then the progress will be
only about one-half of one-fifth. The estimates of progress through selec-
tion are based on the assumption that all the heritability for each trait is
due to additive effects of genes. If a portion of it is due to epistatic effects
(interactions between different pairs of genes), the effectiveness of selec-
tion would be somewhat less. )

Estimates of heritability for a number of other characters in swine have
also been obtained (table 4), but only one study has been made of each
of these characters, except type scores, for which there are two figures. The
estimate for type score (between strains) is exceptionally high, 92 per-
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cent. This was obtained on a combination of three populations represent-
ing large, medium, and small-type Poland China swine, and indicates
that the differences between these three strains were largely due to hered-
ity. The estimate of 38 percent for type score (within strains) is the one
that indicates the approximate amount of progress that might be made
in selecting for typc within one of the strains or in a relatively uniform
breed. Most of the cstimates of heritability for other traits are sufliciently
high to indicate that fairly rapid progress can be made by selection. The
estimate for cconomy of gain is quite low, and, if representative, indicates
that little improvement could be made per generation as a result of selec-
tion for this trait. Further studies are necessary to establish, within reason-
ably accurate limits, the extent to which these and other important traits
of swine are inherited.

We have estimates of heritability for a number of characters in beef
cattle (table 5). Some of these are higher than seems reasonable in com-
parison with the figures obtained from swine and sheep and in view of the
probable effects of environmental factors on such characters as final feed-
lot weight, rate of gain, and economy of gain in the feed lot. More infor-
mation is needed before these figures can be accepted as generally repre-
sentative, but at least they indicate that selection should be effective in
improving most of the characteristics studied.

Data on heritability of various characters jn sheep (table 6) also indi-
cate that most of the various desirable traits studied can be improved by
selection, although selection for such traits as yearling body score, type
score at weaning, and condition score at weaning would not lead to rapid
progress. The several figures for heritability of skin folds and these for
face covering indicate that it should be possible to make rather rapid
progress in the elimination of excessive skin folds and covered faces by
selection for animals that are smooth and have open faces. One of the
figures for heritability of neck folds (8 percent) is low, but it was obtained
on breeds that are characterized by relatively few skin folds compared
with the Rambouillet, on which the other estimates for this character are
based.

The heritability of a trait is one of the most important factors to con-
sider in deciding upon the breeding plan that is most apt to be successful
in bringing about improvement in that trait. If the heritability of the de-
sired trait is high, the best method of breeding to bring about improve-
men will be the mating of animals possessing greatest development of
the desired trait, little use being made of information on pedigrees and
relatives. If heritability is low, the breeder is more apt to make progress
if he uses information on pedigrees and collateral relatives and informa-
tion he gets from progeny tests in deciding which animals to use for breed-
ing. Also, if heritability is low, it is generally advisable to make relatively
little use of inbreeding other than the inbreeding that is needed to make
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6. Estimates of heritability for various characters in sheep

Herita-
bility
Character (per-
cent)
Birth weight........... 30
Yearling staplc length. . . 36
Yearling weight of clean | { 38
wool. 28
Yearling body weight. .. 40
Yecarling body score. . . .. 12
Facc covering. . . ... .. 32
Neck folds. ........... 26
Body folds. . .......... 37
Weaning weight. . ... .. 26.9
17.0
33.9
30
Staple length at weaning.
41
38.7
20
43.0
15.2
6.8
Type scorc at weaning. . . 13.0
7.0
2.4
13.8
Condition score at wean- 4

ing.

Skin folds. . ...........

Face covering. ........

Number of nipples
Number of functional
nipples.

—_—
g !
[\S] N SN [==)

Method used to deter-
mine heritability

Reference

Patcrnal halfsib. .......

Average 3 brecds, 2
methods..............
Intrasire regression. ... ..

Weighted avcrage of 2
mcthods.

Paternal halfsib. .......
Intrasire regression

Weighted avcrage of 2
mcthods.

Average 3 breeds, 2
methods. . ............

Intrasire regression. . .. ..
Weighted average of 2
methods.

Avcrage 3  breeds, 2
methods. . ............

Paternal halfsib. .......

Intrasire regression. . . ...

Weighted average of 2
methods.

Average 3 breeds, 2
methods. .. ...........

Average of 4 methods. . ..

Average of 4 methods,
within year.

Paternal halfsib. .. .....

Intrasire regression. ... ..

Weighted average of 2
mcthods.

Avcrage 3 breeds, 2
methods..............

Intrasire regression. . . . ..
Weighted average of 2
methods.

Average 3 breeds, 2
methods..............
Intrasire corrclation. . . . .
..... do. .o,

Chapman and Lush
(1932).
Terrill and Hazel
(1943).
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Hazcl and Terrill
(1945).
Hazcl and Terrill
(19406a).

Hazcl and Terrill .

(1945).
Do.

Do.
Do.
Do.

Hazel and Terrill
(1946a).
Hazcl and Terrill
. (1946).
Do.
Do.

Hazel and Terrill
(1946a).
Hazel and Terrill
(1946).
Do.
Do.

Hazel and Terrill
(1946a).
Jones et al. (1946).
Do.

Terrill and Hazel
(1946).
Do.
Do.

Hazel and Terrill
(1946a).
Terrill and Hazcl
(1946).
Do.
Do.

Hazel and Terrill
(1946a).
Phillips, ct al. (1945).
Do.

Do.
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families distinct from each other or to make full use of the progeny test.

Heritability of a trait may be due to additive effects of genes, or there
may be variations in hereditary effects owing to epistatic effects of genes,
or both types of effects may be present. The difference between these two
types of effects may be illustrated by supposing that two dominant genes,
A and B, located at different points on a chromosome or on different
chromosomes, have values of 6 and 4, respectively, when one occurs with-
out the other, insofar as they affect a certain trait. If their effects are
strictly additive, the combined value of the two is 10, if both are present
in an animal. If, however, the value is 12 when they occur together, the
effects are not strictly additive, and the extra value resulting from the
intcraction of the two is called an epistatic effect. If additive effects of
genes are low, but heritability of a trait appears to be fairly high because
of epistatic effects, inbreeding to develop lines that are distinct from each
other, selection of the outstanding lines, crossing these lines, and develop-
ing new oncs from the more favorable crosses is the procedure that ap-

_pears most likely to be effective.

There is need for much additional information on heritability of vari-
ous cconomically important traits in livestock, and on the nature of the
effects of genes that control the development of these traits, before it will
be possible to prescribe methods of breeding that will be most effective in
all situations with which breeders are confronted. However, sufficient in-
formation is available to indicate some of the advantages and limitations
of inbreeding and crossing, and the possibilities of developing new types
from cressbred foundations. These problems are discussed later. :

Inbreeding

Inbreeding is the mating of animals that are more closely related to
each other than the average relationship within the population con-
cerned. Such matings tend to make the offspring more homozygous,
on the average, than if their parents were of average relationship to each
other. Genes occur in pairs. If both members of a pair are alike they
are said to be homozygous; if they are different they are said to be
heterozygous. Thus, inbreeding increases the proportion of pairs of
homozygous genes, or determiners of heredity.

The results achieved by corn breeders with inbreeding and crossing
of inbred lines seemed to justify investigations into the possibilities of
speeding up livestock improvement by establishing inbred lines and
testing the uscfulness of these lines in various types of crosses. Hence,
much work has been initiated in recent years. The major projects in
this field are being conducted cooperatively by the Bureau of Animal
Industry of the Department of Agriculture and various State experiment
stations through the Regional Swine Breeding Laboratory, whose head-
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quarters is in Ames, Iowa; the Western Shecp Breeding Laboratory at
Dubois, Idaho, and the United States Range Livestock Experiment
Station at Miles City, Mont. Work at Miles City is primarily with range
beef cattle, but a limited amount of work is also under way with swine.
Extensive work with swine, sheep, and cattle is also in progress at Belts-
ville.

Since inbreeding is the most powerful tool the breeder has for estab-
lishing uniform strains or familics that arc distinct from each other, and
since much experimental work is now being conducted to detcrmine
how best to use it in livestock improvement, many readers may wish to
know how the amount of inbreeding is measured.

The method that is now used almost exclusively was developed by
Sewall Wright, formerly of the Department. His formula is:

Fo=3(%)™"(1+F,) -

The formula appears more technical than it actually is. Fe stands for
the coeflicient of inbreeding of an animal, which is to be calculated.
The Greek letter 3 (sigma) represents all the hereditary contributions
to the inbreeding, but has no numeral value of its own. For example,
if two or more ancestors contribute to the inbreeding, the contribution
of each is calculated and then all are added togcther to obtain the
coeflicient of inbreeding. The fraction Y4 is the animal’s relationship to
each of its two parents; n stands for the number of generations between
the sire and a common ancestor; n’ stands for the number of gencrations
between the dam and a common ancestor. The factor (1-+F.) repre-
sents the influence of a common ancestor, if that ancestor is itself inbred.
If the common ancestor is not inbred, this part of the formula is
omitted.
To illustrate, suppose an animal, A, has the following ancestors:

The animal has the same grandsire, (D), on both the sire’s (B) and
dam’s (C') sides of the pedigree. Thus D is a common ancestor of both
parents of A. Since there is only one generation between B and D, and
also one between C and D, the value for n and #n’ in the formula are
1 and 1, thus:
Fx:<y2>1+1+1 or ‘/V2)3

The third power or the cube of V5 is 14, which is expressed as 12.5 per-
cent, and is the coeflicient of inbreeding.

This coefficient indicates the increase in the proportion of homozygous
pairs of genes that can be expected, on the average, in matings where
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there is one common grandparent, as compared with matings where there
is no common ancestor. If we suppose that random breeding had been
practiced in a herd, and that 50 percent of the pairs of genes were homo-
zygous and 50 percent heterozygous, then 12.5 percent inbreeding would
imply that 12.5 percent of the heterozygous pairs were homozygous in the
new individual (12.5 percent of 50 is 6.25)—so, 56.25 percent of the
pairs would be homozygous, while 43.75 would be heterozygous.

If the common ancestor, D, in the above example had already been
inbred, for example 25 percent, then the factor (1+Fa) would have
been (1+40.25) or 1.25, and the inbreeding of animal 4 would have been
12.5X1.25 or 15.625, usually shortened to 15.6 percent.

Inbreeding does not create nor destroy any genes—it merely permits
more of them to occur in homozygous pairs. Genes that favor develop-
ment of both desirable and undesirable characters may become homozy-
gous. Inbreeding thus uncovers many recessive gencs that would otherwise
remain concealed by their dominant-pair mates, or allcles (a recessive
gene is one that is not able to express itself when it occurs as the pair-mate
of a dominant gene, hence only the effect of the dominant gene is seen).
Recessive genes generally have less desirable effects than dominant genes,
so there is usually some degeneration in the average merit of individual
animals when inbreeding is practiced. The chief danger of intense in-
breeding, therefore, is that it may make undesirable genes homozygous so
rapidly that it will be impossible to discard all the individuals that are
homozygous for them.

The chief advantages of inbreeding are: It helps to uncover undesir-
able recessive genes so that animals possessing them may be culled ; it may
be used to develop uniform and distinct families so that interfamily selec-
tion may be more effectively practiced ; new and often superior groups of
animals may be produced by combining two or more inbred lincs; it
increases prepotency by increasing the chances that animals will pass on
their traits to their offspring; and it is useful in maintaining a high rela-
tionship of stock to an especially desirable ancestor.

The extent of the experimental work that is being undertaken to test
the possibilities of using inbreeding in livestock improvement can best
be shown by details from some places where the work is being done.

The Regional Swine Breeding Laboratory and the cooperating State
agricultural experiment stations in Illinois, Indiana, Iowa, Minnesota,
Missouri, Nebraska, Oklahoma, and Wisconsin have a total of 46 lines
of swine. These include 19 Poland China, 11 Duroc-Jersey, 4 Hamp-
shire, 8 Chester White, and 1 Landrace line, and 3 lines that are being
developed from crossbred foundations.

Eight new lines are being developed by the Bureau of Animal In-
dustry at Beltsville. Another line is being developed in cooperation with
the Maryland Agricultural Experiment Station, and two additional lines
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are being developed at Miles City, in cooperation with the Montana Agri-
cultural Experiment Station.

Thirty-two lines of Rambouillet sheep are being developed at the
Western Sheep Breeding Laboratory, Dubois, Idaho. In addition, the
Bureau of Animal Industry is developing 10 lines of Columbia and
10 of Targhec sheep at the United States Sheep Experiment Station,
which also is located at Dubois.

A few lines of beef cattle are being developed by the Bureau of
Animal Industry and the Montana Agricultural Experiment Station at
the United States Range Livestock Experiment Station at Miles City.
Plans have been developed to establish up to 30 or 35 lines in cooperation
with several State experiment stations in the range-cattle area, and lines
of beef and dual purpose cattle are being established at Beltsville.

Breeding work with livestock progresses slowly, for obvious reasons.
The reproductive level is low, compared with plants, and the time re-
quired for a generation is long. The long time per generation is illus-
trated by the following estimates made by Jay L. Lush: Horses, 10
to 13 years; beef cattle, 4.5 to 5 years; dairv cattle, 4 to 4.5 years;
sheep, 4 to 4.5 years; swine, about 2.5 years. Also, with the exception
of swine, a large proportion of the female progeny reared must be re-
tained as replacements in order to maintain numbers. Lush gives the
following estimates of the percentages of females that must be retained
for this purpose: Horses, 35 to 45; beef cattle, 40 to 55; dairy cattle,
50 to 65; sheep, 45 to 55; swine, 10 to 15. While these factors, over
which the breeder has no control, place limits on the rate of progress,
they also make it imperative that the most effective methods of selection
and breeding be used if the breeder is to have much real genetic prog-
ress to show for cach generation of brecding effort. And despite the
handicaps that limit the rate of progress in animal-breeding experimen-
tation, much has been learned in recent years from the work with
inbreeding of livestock.

That work has not progressed to a point where broad generalizations
can be made, and many details of application of results must yet be
worked out, but the results to date indicate that the breeder can make
effective use of this tool in speeding up improvement. The work with
swine naturally has gone ahcad more rapidly than the work with sheep
and becf cattle. To illustrate what is being accomplished, I outline some
of the results in the Regional Swine Breeding Laboratory, which was
established in 1937, with W. A. Craft as director, and the eight State
experiment stations that are conducting projects in this regional effort,
under the leadership of J. L. Krider (Illinois), J. R. Wiley (Indiana),
Jay L. Lush (Iowa), L. M. Winters (Minnesota), L. A. Weaver (Mis-
souri), M. L. Baker (Nebraska), O. S. Willham (Oklahoma), and
A. B. Chapman (Wisconsin).
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Increased inbrceding has generally been accompanied by some deteri-
oration in the productivity of swinc. This was expected, in view of the
results obtained earlier with laboratory animals and corn. It has generally
been more difficult to maintain vitality and litter sizc than growth rate in
lines of swine that were being inbred.

Crossing of inbred lines has usually corrected the decline in perform-
ance that accompanied inbreeding, and in some cases appears to result in
a considerable increase over the performance of noninbred stock.

Inbred lines developed from widely unrelated stock have produced
more favorable results when crossed than lines developed from related
stock. Inbred lines from different breeds have given more favorable re-
sults in crosses than those from the same breed.

The mating of inbred boars of selected inbred lines to noninbred sows
appears to give a little increase in the performance of the pigs, in com-
parison with pigs from similar sows and sired by noninbred boars.

Inbreeding of 30 to 40 percent appears to be enough to make it pos-
sible to determine the value of a line of swine, and to make lines differ
genetically, particularly if the lines are from unrelated stock. This is equiv-
alent roughly to about 2 generations of brother-sister mating, 4 genera-
tions of half-brother-sister matings, or 12 generations of breeding in
which single first cousins are mated.

Lines that were inbred 30 to 40 percent have been found to differ in
physiological characters that were not evident in the appearance of the
animals. For example, boars in different lines at the Minnesota station
have been found to differ in the amount of male hormone excreted in the
urine and in the rate of development of the testes.

Selection for one character may in some cases give rise to a change
not desired by the breeder in another character. There is some evidence,
for example, that maximum rate of fattening seems to be opposed to
litter size and milking ability in sows. Some of the breeder’s effort is
canceled by the compromisc necessary in selection between various
characters. Studies now in progress have revealed that hereditary fac-
tors of the individual pig that cause rapid and economical gains when
the pig is full-fed to 225 pounds, and that also lead finally to high
ratings for conformation in the live pig, are largely thc same features
that cause rapid deposition of fat, resulting in fat carcasses at the time
of slaughtering. These results tend to emphasize that selection based on
conformation at market weight according to present standards consti-
tute selection for fatter hogs because the differences in width, depth,
and plumpness of body, which loom large in making choices, are largely
differences in amount of fat.

Thus, it is evident that some compromise must be made in selections,
and that care must be exercised to avoid selecting in an undesired direc-
tion. Sows possessing and transmitting the ability to fatten rapidly tend
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to be poor in suckling ability, and thereby reduce the gains and in-
crease the feed requirements of their pigs during the period of fattening.
It appears now, therefore, that in selection for rapid and economical
gains, the indirect selection for fat carcasses associated with the most
rapid gains may be offset if sclections are based on individual gains
of pigs during the early part of the growth period, perhaps at 85 to
about 112 days of age, when more of the weight is muscle than later,
and by giving much attention to suckling ability of sows, which is indi-
cated by litter size and weight of pigs at 3 to 8 weeks of age.

Not all lines dcveloped in any program with swine, or with other
classes of livestock, will be valuable for use in livestock improvement.
For example, it is becoming apparent that only a part of the 46 inbred
lines of swine on hand in the Regional Swine Breeding Laboratory
program will merit maintenance and use for improving purebred herds
and for extensive use in pork: production. Some wastage of lines is
inevitable. Many inferior lines of corn have been discarded, and the
same will apply to inbred lines of livestock. E. W. Lindstrom of Iowa
made a survey of the results of inbreeding of corn (maize) in 1939, and
estimated that only 2.4 percent of a total of about 30,000 inbred lines
devcloped in the United States during several previous years had proved
useful.

The expense of developing an inbred line of livestock is of course
much greater than for a line of corn. For this reason, it is generally
desirable to guide the development of lines as much as possible by selcc-
tion, and to test them thoroughly before deciding to retain or discard
them. But for the same reason, it is necessary to be ruthless in discard-
ing lines, once it is clearly demonstrated that they can make no worth-
while contribution to improvement, rather than to follow a natural
desire to retain expensive (but not valuable) stock with the hope that
it may prove useful.

The outstanding inbred lines of swine may be used for crossing with
noninbred stock or for crossing with other inbred lines to produce market
hogs, or they may be used for crossing with other lines to develop still
better lines from which stock will be available for use in commercial pro-
duction or for improving purebred herds. The situation will be somewhat
different for cattle and sheep than for swine. Since such a large propor-
tion of the female offspring in inbred lines of cattle and sheep must be
retained for replacements, the numbers that can be used for crossing with
males from other lines for commercial production will be small. Experi-
mental work has started to test the various ways of utilizing inbred lines,
and further results should be had before recommendations are made.

Onc of the most urgent problems in connection with the use of inbred
lines is the development of mcthods of prescrving them and guarding
their purity. The experiment stations cannot continue to maintain estab-
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lished lines indefinitely. Just as they developed many inbred lines of corn
and placed them in the hands of organizations that were producing hy-
brid seed commercially, the inbred lines of livestock which they develop
must be placed in the hands of private breeders who will expand numbers
and make stock available to commercial livestock producers. Limited at-
tempts are already being made to place some inbred swine in the hands
of private breeders. Ways to guard the purity of the lines are yet to be
found.

It is possible that the existing breed associations and their purebred-
breeder members will take over this work as an additional function of the
purebred association for each breed involved. This would be a logical
development, and in the initial stages might be carried out with the help
and guidance of the experiment stations that are developing the lines.
If the associations do not expand their services to meet this need as it
arises, other methods must be found. It is difficult to predict how rapidly
the need will expand, but it should be remembered that the extensive
hybrid-seed corn industry of today had its beginning only in 1926, when
the first sced company was organized for the commercial production of
hybrid corn, and that the first appreciable expansion began about 1932, -
when hybrid-seed production was taken up by several new companies.

Cross-breeding

Cross-breeding for the production of market animals has been prac-
ticed for many years, particularly with swine, sheep, and beef cattle.
By this method of breeding, producers have taken advantage of the
increased productivity (called hybrid vigor or heterosis) that frequently
results from the crossing of distinct types and breeds.

The most extensive experimental work in this field has been with
swine. J. L. Lush, P. S. Shearer, and C. C. Culbertson of Iowa State
College have summarized the results of the important experiments in
this field. They point out that any one piece of work, especially one in
which small numbers of pigs were used, scarcely appears enough by it-
self to prove beyond question that there is a real advantage in favor of
cross-breeding. Yet, almost every piece of work indicates that such an
advantage is probable.

The Iowa workers conclude that the combined weight of all the scat-
tered evidence is overwhelming in indicating that cross-breeding results
in increased production. Crossbred pigs tend to be somewhat more
vigorous and thrifty than would be expected from the average of the
two parent breeds. Because of this added vigor, crossbreds generally
show a lower death rate up to weaning, and consequently larger and
heavier litters are weaned. Also, they generally gain a little more rapidly
on a little less feed than the purebreds. For the same reasons, the cross-
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bred gilts or sows, when used for breeding, can be expected to wean
slightly larger and heavicer litters than purebreds. Lush and his co-
workers cmphasize that these are results that can be expected on the
average, but they should not be expected to happen every time a cross
is made, any morc than slightly loaded dice should be expected to turn
up a winning combination cvery time they are thrown.

Three general systems of cross-brecding may be practiced by the pro-
ducer of market hogs. Purebred or high-grade females of one breed and
purebred boars of another breed may be used for the production of each
crop of pigs. This plan is simple, but it means that replaccments of sows
must be purchased or produced in a subsidiary breeding program.

Another plan is called crisscrossing, in which boars of two breeds are
alternated in producing each new genecration of pigs from dams saved
from the previous gencration. This plan takes advantage of any hybrid
vigor expressed in the ability of the crossbred dam to raise large, vigorous
litters, and eliminates the necessity of purchasing sow replacements.

Still another plan utilizes three breeds of boars. It is similar in all other
respects to the crisscrossing system.

Our knowledge of the results that may be expected from crossbreeding
beef cattle has been increased in recent years through work conducted
cooperatively at Miles City, Mont., by the Department and the Montana
Agricultural Expcriment Station. The experiment was planned to test
the possibility of maintaining heterosis through three-breed crossing. The
first cross was Shorthorn bulls on Hereford cows. The first generation, or
F., females (offspring of Shorthorn bulls and Hereford cows) were mated
to Aberdeen-Angus bulls, and their triple-cross female offspring were
mated to Hereford bulls. The latter phases of this work have not yet been
completed, but results thus far indicate that three-breed crossing may be
an effective method of increasing productivity in beef cattle. Some results:

Fifty-seven F: steers (Shorthorn X Hereford) were compared with
67 Hereford steers. The crossbred calves gained more rapidly in the feed
lot and were heavier at the time of marketing. Crossbreds had fewer
digestive disturbances, and they also had higher dressing percentages.
Differences in efficiency of feed utilization, slaughter grade and carcass
grade were not significant.

Fifty-three F: and 55 Hereford heifers were also compared. The
crossbred heifers were heavier at birth and weighed 7.2 pounds more
at weaning time. At 18 and 30 months the differences in favor of the
crossbreds were 50.9 and 88.0 pounds, respectively.

Results with offspring produced by mating Aberdeen-Angus bulls to
F. females show that the triple-cross stcers weighed more at weaning
and at the end of the feeding period, gained more rapidly during the
feeding period, sold for morc per pound and per head, had a higher
dressing percentage, and returned more per head above feced and
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marketing costs than the Hereford steers with which they were com-
pared. The triple-cross heifers also weighed more at weaning and at
18 months, and were given higher scores at 18 months than Hereford
heifers raised under identical conditions. There were indications that
the triple-cross calves had a faster rate of gain before weaning, but a
slower ratc after weaning than F, calves.

Further work is needed to determine the part that continued three-
breed crossing can play in commercial beef production. Management of
animals in several groups at breeding time may make it difficult for
some producers to follow. Crisscrossing, in which only two breeds are
used, should be more practical, and its use should be tested further
experimentally. '

Developing New Breeds

Many breeds of livestock have been developed. They vary widely in
traits and adaptability. But circumstances sometimes arise in which no
one of the cxisting breeds meets all the requirements of the breeder.
Under such circumstances, it may be desirable to develop a new breed,
combining characteristics of two or more breeds. An example of this
is the Columbia sheep, which has become sufficiently well established
to be recognized as a breed.

It has been rather common range practice for scveral decades, in
some western areas, to cross-breed sheep by mating range ewes that
predominate in Rambouillet or other fine-wool breeding with rams of
long-wool breeds, such as Lincolns and Cotswolds, in order to get
larger ewes that produce more lambs and pounds of marketable wool
than can be produced with fine-wool ewes of the parent stock.
Although the practice has advantages, it has given rise to considerable
periodic variation in flocks because crossbred ewes that werc produced
in this way were, as a rule, alternately mated to fine-wool rams and
then to long-wool rams.

In an effort to contribute stability to the production of large range
ewes, the Columbia sheep has been developed by the Department. This
breed is, in general, the result of cross-breeding select Lincoln rams with
Rambouillet ewes and proceeding from this original crossbreed founda-
tion by mating the most select first-cross rams with carefully selected first-
cross ewes and interbreeding the rams and ewes descending from them.
This undertaking was pursued at Laramie, Wyo., from 1912 to 1917,
and since that time this development of the Columbia sheep by the
Department has been conducted at the United States Sheep Experiment
Station at Dubois, Idaho.

The Columbia is a white-faced sheep that is large, vigorous, moder-
ately low-set, polled, and free from wool blindness and body wrinkles.
The good body length balances well with the width and depth. It is
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cspecially well-fleshed in the loin, and has a square rump and a good leg
of mutton. Mature rams range in body weight from 190 to 250 pounds,
whereas mature ewes range {rom 135 to 155 pounds under range con-
ditions in the fall. On the average, mature Columbia ewes produce about
12 pounds of unscoured wool per year, which, on a commercial basis,
yields approximately 50 percent scoured clecan wool. The avcrage length
of staple of the flecces of 1 year’s growth is approximately 31/ inches.
Mature rams produce fleeces weighing 18 pounds or more for a growth
of 12 months under range conditions. The annual length of staple for
fleeces of rams averages about 334 inches. The fleece tends to stay well
together in storms. Desirable market grades of the wool from Columbia
sheep, on the basis of fineness, as determined commercially, are Three-
eighths Blood and Quarter Blood.

Work of this type is also under way at other places, and with other
types of livestock. The Department, working in cooperation with the
Office of Indian Affairs, is devcloping a type of sheep that is adapted to -
the semiarid ranges of the Southwest and produces a good-quality carpet
wool suitable for hand weaving. This work is conducted at the South-
western Range and Sheep Breeding Laboratory, Fort Wingate, N. Mex.
At its Iberia Livestock Experiment Farm, near Jcanerette, La., the De-
partment is establishing and testing new lines of cattle containing varying
amounts of zebu and Aberdcen-Angus blood.

The object of this work is to develop a type or types of beef cattle that
can perform satisfactorily in the subtropical conditions along the Gulf of
Mecxico. Work is also under way with swine, in efforts to develop im-
proved types having more lean and less fat, by combining the Danish
Landrace (a bacon type) with various domestic and imported breeds of
the fatter, or lard, type. The Bureau of Animal Industry has a number
of these experimental lines at Beltsville and one at its Range Livestock
Experiment Station in Miles City, Mont. The Minnesota Agricultural
Experiment Station is also developing some new lines of swine. There are
other experimental cfforts of this type, but these should serve to illustrate
the nature of the work being done.

The development of a new breed is not a task to be undertaken
lightly. A definite need for a new type should be clearly evident before
such a project is undertaken. Facilities should be available to handle
a large number of animals and to continue the project for many years,
so that the new type may be well established. The person or persons
planning and supervising the work should have a clear understanding
of the genetic principles involved. Work like this is obviously limited to
Fedcral and State experiment stations and to the establishments of a
limited number of private breeders who have unusual facilitics and are
willing to venture from the established breeding practices.

Maintenance of a satisfactory level of reproduction is essential to the
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success of any breeding program. Much work has been done in recent
years on various phases of physiology of reproduction that have a bearing
on fertility.

The importance of time of breeding in relation to the beginning
and end of the heat period, or estrus, has received considerable atten-
tion. Data on length of estrus, time of ovulation, or release of the egg
or eggs from the ovaries, speed of travel of spermatozoa in the reproduc-
tive tract, duration of life of spermatozoa in the female tract, and studies
on the proportions of successful matings when breeding takes place at
various stages of estrus all bear on the problem.

Some Factors Affecting Reproduction

The combined evidence from many sources indicates that a mating
has the greatest chance of being successful if it takes place near the
time of ovulation. In the various types of farm animals, recommended
times of mating where hand mating is practiced are:

Horses—If mated only once, the third day of estrus appears best,
on the average. If service can be had more than once, the best
practice appears to be to mate on the third day, and on every
second day thereafter until the end of estrus.

Cattle—If bred once, mate 12 to 20 hours after onset of estrus.
If bred twice, mate immediately after onset of estrus and again
12 to 20 hours later.

Sheep—During the second half of estrus. If feasible, matc about 12
hours after estrus begins and at 12-hour intervals until estrus
ends. Estrus lasts about 30 hours, on the average.

Goats—During the second half of estrus. Fxact data are not avail-
able, but the duration of estrus is similar to that in the cwe.

Swine—Late on first day, or preferably on second day of estrus.

We conducted studies at the Utah Agricultural Experiment Station to
determine if giving special feed to range lambs would influence sexual
development and reproduction. The first winter is perhaps the most crit-
ical time in the development of the range ewe. Up to weaning, the lJamb
is provided with a reasonably adequate diet in most cases, while with its
dam on spring and summer range. When the lamb is weaned and moved
to winter range, there is often a decided drop in level and quality of nutri-
tion, and this is accompanied by more severe environmental conditions in
other respects.

Results of the study in Utah indicate that when ewe lambs are given
special feed during the first winter the reproductive tract develops more
fully, as copared with development in ewe lambs maintained on open
range. These results, coupled with results of earlier work by A. C. Esplin,
M. A. Madsen, and the writer in which larger lamb crops were produced
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at 2 years of age as a result of lot feeding during the first winter, indicate
the desirability of giving special attention to the feeding of ewe lambs in
range flocks. How far the rancher can afford to go in giving special atten-
tion to his ewe lambs is a problem needing further investigation.

The environment in which animals live may affect the fertility of live-
stock. An experiment has been conducted cooperatively by the Bureau
of Animal Industry and the Florida Agricultural Experiment Station
which gives some clear experimental evidence on this point. Thirty pairs
of Columbia ewes and two pairs of rams were selected from the Dcpart-
ment’s flocks at the Dubois station. One member of each pair was re-
tained at Dubois, and the other sent to the North Florida Experiment
Station at Quincy. Wool production of the ewes at Quincy was com-
parable in grease weight and staple length to that of the ewes at Dubois,
but the level of fertility as measured by percent of ewes lambing was not
as high. This deficiency was especially marked during the first two years
the ewes were at Quincy. Columbia ewes descended from those brought
from Dubois and raised at Quincy also reproduced at a lower level and
had smaller lambs at weaning than Columbia cwes at Dubois, but there
was no noticeable reduction in wool production.

Most sheep and goats breed naturally during the fall and early winter
months. In some instances, there would be an economic advantage in
having part or all of the ewes and does in a flock bred during the spring
or summer months. The possibility of stimulating estrus and ovulation in
ewcs and does during the spring and summer has received much attention
in recent years. It has been possible to induce ovulation in a high propor-
tion of the animals by the use of gonadotropic hormones, but induction of
estrus in conjunction with ovulation has been quite erratic. No satisfac-
tory explanation of these variable results has been found.

Fertility, as measured by percentage of conceptions, is generally lower
in animals in which estrus has been induced or in those force-mated after
induction of ovulation, than in animals bred during natural estrus. How-
ever, satisfactory fertility has been reported in some cases. Further work
is needed to detcrmine the endocrine physiology of normal and experi-
mentally induced estrus in sheep and goats and the specific doses and
time sequences that will induce estrus and ovulation, before procedures
can be recommended for general use in practice.

THE AUTHOR

Ralph W. Phillips was formerly in charge of genetics investigations in the Bureau
of Animal Industry. He took leave during 1943 and early 1944 to help the Govern-
ments of China and India with their livestock problems. Dr. Phillips i§ cditor of the
Journal of Animal Science and is the author or coauthor of about 100 publications
on various phases of animal breeding. He is a graduatc of Berca College and took
graduatc work at the University of Missouri.



BREEDING BETTER LIVESTOCK 57

FURTHER READING ABOUT HERITABILITY IN LIVESTOCK

Baker, Marvel L., Hazel, L. N., and Reinmiller, C. F.: The Relative Importance of
Heredity and Environment in the Growth of Pigs at Different Ages, Journal of
Animal Science, volume 2, pages 3-13, 1943,

Bywaters, James H.: The Hereditary and Environmental Poriions of the Variance
in Weaning Weights of Poland China Pigs, Genetics, volume 22, pages 457-468,
1937.

Chapman, A. B., and Lush, J. L.: Twinning, Sex Ratios, and Genetic Variability
in Birth Weight in Sheep, Journal of Heredity, volume 23, pages 473—478, 1932.

Comstock, R. E., Winters, L. M., Jordon, P. S., and Kiser, O. M.: Measures of

Growth Rate for Use in Swine Selection, Journal of Agricultural Research
volume 65, pages 379-389, 1942,

Hazel, L. N., Baker, Marvel L., and Reinmiller, C, F..: Genetic and FEnvironmental
Correlations Between the Growth Rates of Pigs at Different Ages, Journal of
Animal Science, volume 2, pages 118-128, 1943.

Hazcl, L. N., and Terrill, Clair E.: Heritability of Weaning Weight and Staple
Length in Range Rambouillet Lambs, Journal of Animal Science, volume 4, pages
347-358, 1945.

Hazel, L. N., and Terrill, Clair E.: Heritability of Type and Condition in Range

Rambouillet Lambs as Evaluated by Scoring, Journal of Animal Scicnce, volume
5, pages 55-61, 1946.

Hazel, L. N., and Terrill, Clair E.: Herilability of Weanling Traits in Columbia,
Corriedale, and Targhee Lambs, Journal of Animal Science, volume 5, pages 371-
377, 1946a.

Hetzer, H. O., Dickerson, G. E., and Zcller, J. H.: Heritability of Type in Poland
China Swine as Evaluated by Scoring, Journal of Animal Science, volume 3,
pages 390-398, 1944.

Hetzer, H. O., Lambert, W. V., and Zecller, J. H.: Influence of Inbreeding and
Other Factors on Litter Size in Chester White Swine, U. S. D. A. Circular 570,
1940.

Jones, J. M., Warwick, B. L., Phillips, R. W., Spencer, D. A., Godbey, C. B.,
Patterson, R. E., and Damcron, W. H.: Inheritance of Skin Folds of Sheep,
Journal of Animal Science, volume 5, pages 154—169, 1946,

Knapp, Bradford, Jr., and Nordskog, Arne W.: Heritability of Growth and Effi-
ciency in Beef Cattle, Journal of Animal Science, volume 5, pages 62-70, 1946.

Knapp, Bradford, Jr., and Nordskog, Arne W.: Heritability of Live Animal Scores,
Grades and Certain Carcass Characteristics in Beef Cattle, Journal of Animal Sci-
ence, volume 5, pages 194-199, 1946a.

Krider, J. L., Fairbanks, B. W., Carroll, W. E., and Roberts, E.: Effectiveness of
Selecting for Rapid and for Slow Growth Rate in Hampshire Swine, Journal of
Animal Science, volume 5, pages 3—15, 1946.

Lush, Jay L.: Genetic Aspects of the Danish System of Progeny-Testing Swine, lowa
Agricultural Expcriment Station Rescarch Bulletin 204, 1936.

Lush, Jay L.: Intra-Sire Correlations or Regressions of Offspring on Dam as a Method
of Estimating Heritability of Characteristics, American Society of Animal Produc-
tion, Procecdings, pages 293—-301, 1940.



58 YEARBOOK OF AGRICULTURE

Lush, Jay L., Hetzer, H. O., and Culbertson, C. C.: Factors Affecting Birth Weights
of Swine, Genetics, volume 19, pages 329-343, 1934.

Lush, Jay L., and Molln, A. E.: Lilter Size and Weight as Permanent Characieristics
of Sows, U. S. D. A. Technical Bulletin 836, 1942,

Nordskog, Arne W., Comstock, R. E., and Winters, L. M.: Heredilary and Environ-
mental Factors Affecting Growth Rate in Swine, Journal of Animal Science, volume
3, pages 257-272, 1944.

Phillips, Ralph W., Schott, Ralph G., and Spencer, Damon A.: The Genetics, Physi-
ology and Economic Importance of the Multinipple Trait in Sheep, U. S. D. A.
Technical Bulletin 909, 1945.

Stewart, H. A.: The Inheritance of Prolificacy in Swine, Journal of Animal Science,
volume 4, pages 359-366, 1945.

Stonaker, H. H., and Lush, J. L.: Heritability of Conformation in Poland China Swine
as Evaluated by Scoring, Journal of Animal Science, volume 1, pages 99-105, 1942.

Terrill, Clair E., and Hazel, L. N.: Heritability of Yearling Fleece and Body Traits
of Range Rambouillet Ewes, Journal of Animal Scicnce, volume 2, pages 358-359,
1943.

Terrill, Clair E., and Hazel, L. N.: Heritability of Face Covering and Neck Folds in
Range Rambouillet Lambs as Evaluated by Scoring, Journal of Animal Science,
volume 5, pages 170--179, 1946.

Whatley, J. A.: Influence of Heredity and Other Factors on 180-Day Weight in Poland
China Swine, Journal of Agricultural Rescarch, volume 65, pages 249-264, 1942,

Whatley, J. A., and Nclson, R. H.: Herilability of Difference in 180-Day Weight and
Market Score of Duroc Swine, Journal of Animal Scicence, volume 1, page 70, 1942.

FOR FURTHER READING

Baker, A. L., and Quesenberry, J. R.: Comparison of Growth of Hereford and F 4
Hereford X Shorthorn Heifers, Journal of Animal Science, volume 4, pages 322—
325, 1944.

Craft, W. A.: Swine Breeding Research at the Regional Swine Breeding Laboratory,
U. 8. D. A. Miscellaneous Publication 523, 1943.

Dickerson, G. E., and Hazcl, L. N.: Effectiveness of Selection on Progeny Performance
as a Supplement to Earlier Culling in Livestock, Journal of Agricultural Rescarch,
volume 69, pages 459-476, 1944,

Dickerson, G. E., and Hazel, L. N.: Selection for Growth Rate of Pigs and Productiv-
ity of Sows, Journal of Animal Science, volume 3, pages 201-212, 1944.

Hankins, O. G., Knapp, Bradford, Jr., and Phillips, Ralph W.: The Muscle-Bone
Ratio as an Index of Merit in Beef and Dual-Purpose Cattle, Journal of Animal
Science, volume 2, pages 42-49, 1943.

Hardy, John I.: Cross-Section-Area Method for Determining Density of Wool Fibers,
U. S. D. A. Circular 654, 1942,

Hardy, John I.: A Clipper for Obtaining Wool Density Samples, Journal of Animal
Science, volume 1, pages 34—37, 1942.

Hazel, L. N.: The Genetic Basis for Constructing Seleclion Indexes, Genetics, volume
28, pages 476-490, 1943.



BREEDING BETTER LIVESTOCK 59

Hazel, L. N,, and Lush, J. L.: The Efficiency of Three Methods of Selection, Journal
of Heredity, volumc 33, pages 393-399, 1942.

Kibler, H. H., and Brody, Samuel: Growth and Development with Special Reference
to Domestic Animals, Missouri Agricultural Experiment Station Research Bullctin

394, 1945.

Knapp, Bradford, Jr.: Determination of Slaughter-Steer Grades from Weights and
Measurements, U. S. D. A. Circular 524, 1939.

Knapp, Bradford, Jr., Baker, A. L., Qucscnberry, J. R., and Clark, R. T.: Record of
Performance in Hereford Cattle, Montana Agricultural Experiment Station Bul-
letin 397, 1941.

Knapp, Bradford, Jr., Phillips, Ralph W., Black, W. H., and Clark, R. T.: Length of
Feeding Period and Number of Animals Required to Measure Economy of Gain in
Progeny Tesis of Beef Bulls, Journal of Animal Science, volume 1, pages 285-292,
1942.

Lambert, W. V., and McKenzie, Fred F.: Artificial Inseminalion in Livestock Breed-
ing, U. S. D. A. Circular 567, 1940.

Lindstrom, E. W.: Analysis of Modern Maize Breeding Principles and Methods, Pro-
ceedings of Seventh International Genetical Congress, Edinburgh, pages 191-196,
1941.

Lush, Jay L.: Animal Breeding Plans, Edition 3, Collegiate Press, Inc., Ames, Iowa,
1945.

Lush, Jay L., Shearer, P. S., and Culbertson, C. C.: Cross-breeding Hogs for Pork
Production, Iowa Agricultural Experiment Station Bulletin 380, 1939.

Nalbandov, Andrew, and Casida, L. E.: Ovulation and Its Relation to Estrus in Cows,
Journal of Animal Science, volume 1, pages 189-198, 1942.

Nichols, J. E.: Livestock Improvement, Edition 2, Oliver and Boyd, Edinburgh and
London, 1945.

Nordby, Julius E.: Improving Rambouillet Sheep for Western Ranges, The National
Wool Grower, volume 31, pages 12—-17, March 1943.

Nordby, Julius E.: Stabilizing Wool and Body Type in Whitefaced Crossbred Sheep,
The National Wool Grower, volume 31, pages 15-17, July 1943, and pages 1618,
August 1943,

Phillips, Ralph W., Black, W. H., Knapp, Bradford, Jr., and Clark, R. T.: Cross-
breeding for Beef Production, Journal of Animal Science, volume 1, pages 213-220,
1942.

Phillips, Ralph W., and Dawson, W. M.: Some Factors Affecting Survival, Growth,
and Selection of Lambs, U. S. D. A. Circular 538, 1940.

Phillips, Ralph W., Fraps, Richard M., and Frank, Archie H.: Hormonal Stimulation
of Estrus and Ovulation in Sheep and Goats, American Journal of Veterinary Re-
scarch, volume 6, pages 165-179, 1945.

Phillips, Ralph W., McKenzie, Fred F., Christensen, John V., Richards, Grant S., and
Pctterson, Wendell K.: Sexual Development of Range Ewe Lambs as Affected by
Winter Feeding, Journal of Animal Science, volume 4, pages 342-346, 1945,



60 YEARBOOK OF AGRICULTURE

Phillips, Ralph W., Speelman, S. R., and Williams, J. O.: Horse Breeding Research at
the U. S. Morgan Horse Farm, Vermont Horse and Bridle Trail Bulletin, volume 6,

pages 7—14, 1942,

Pohle, Elroy M.: Sampling and Measuring Methods for Delermining Fineness and
Uniformity in Wool, U. S. D. A. Circular 704, 1944.

Rhoad, Albert O.: The Iberia Heat Tolerance T'est for Caitle, Tropical Agriculture,
volume 21, pages 162-164, 1944,

Rhoad, A. O., and Black, W. H.: Hybrid Beef Cattle for Subtropical Climates, U. S.
D. A. Circular 673, 1943.

Rhoad, Albert O., Phillips, Ralph W., and Dawson, Walker M.: Evaluation of Species
Crosses of Cattle by Polyallel Crossing, Journal of Heredity, volume 36, pages 367—
374, 1945.

Rice, Victor Arthur: Breeding and Improvement of Farm Animals, Edition'?:,
McGraw-Hill Book Company, Inc., New York and London, 1942.

Schott, Ralph George, and Phillips, Ralph Wesley: Rate of Sperm Travel and Time
of Ouvulation in Sheep, Anatomical Record, volume 79, pages 531-540, 1941,

Spencer, D. A., Schott, R. G., Phillips, R. W., and Aune, B.: Performance of Ewes
Bred First as Lambs Compared with Ewes Bred First as Yearlings, Journal of Ani-
mal Science, volume 1, pages 2733, 1942.

Winters, Laurence M.: Animal Breeding, Edition 3, John Wiley & Sons, Inc.,, New
York and London, 1939.

Wright, Sewall: Coefficients of Inbreeding and Relationship, American Naturalist,
volume 56, pages 330-338, 1922.

ALSO, IN THIS BOOK

Producing Better Beefsteaks, by Ralph W. Phillips, page 61.
Breeding Better Cows, by M. H. Fohrman, page 169.
Progress in Hog Production, by John H. Zeller, page 201.
Developments in Sheep, by Damon A. Spencer, page 209.



